To promote the implementation of genetic analyses and breeding programs, a set of microsatellite markers in sweetpotato should be developed, which cover the entire sweetpotato genome. To achieve this objective, 102 polymorphic microsatellite markers were developed using three different methods: 1) screening of a small-insert genomic library, 2) construction of a microsatelliteenriched library (51-fold enrichment) and 3) mining of EST databases. Approximately 8,000 clones of the small-insert library were screened with (GA) 20 and (CA) 20 probes, and 42 positive clones were identified. One hundred and twenty-two clones containing microsatellites were identified from the enriched library, which consisted of 800 clones. Thirty-two and 47 primer pairs were designed for these clones containing microsatellites from the small-insert library and enriched library, respectively. Among the sweetpotato accessions examined, 27 of these microsatellite markers showed polymorphism. Eventually, 4,153 sequences from a published expressed sequence tag (EST) databases were mined as a source for the development of microsatellite markers, and 379 sequences containing microsatellites were identified. A total of 151 primer pairs were designed and 120 scorable microsatellite markers were obtained. Seventy-five EST-SSR loci showed length polymorphisms. Of these polymorphic loci, 71 % were associated with some genes.
Introduction
The development of molecular markers that facilitate the analysis of genetic traits is important for crop improvement (Gupta et al. 1999) . Microsatellites, also called simple sequence repeats (SSRs), are small tandemly repeated sequences (1-6 bp) that are widely dispersed in eukaryotic genomes (Powell et al. 1996) . When primers, located in the flanking region of the repeat unit locus, are used with genomic DNA in PCR reactions, they reveal length polymorphisms representing different alleles. Microsatellites show a Mendelian inheritance and co-dominance. Presently, microsatellites are some of the most useful genetic markers in many organisms due to their even distribution throughout the genome and their high level of polymorphism (Powell et al. 1996) . Microsatellites have been used in forensic studies, cultivar identification, cultivar parentage assessment, genetic diversity analysis, evolutionary studies, construction of molecular maps, and to obtain patents and property rights for plant varieties (Powell et al. 1996 , Röder et al. 1998 , Gupta et al. 1999 , Buteler et al. 2002 .
Despite their importance, the development of microsatellite marker systems for many plants has been limited because it is necessary to isolate, clone, sequence and characterize microsatellite loci in most species that are being examined for the first time. The relatively low frequency of microsatellites in plant genomes compared to human or animal genomes may present an additional technical problem (Powell et al. 1996) . To increase the efficiency of microsatellite marker development, novel approaches to enrich SSRs have been proposed and successfully applied in many plants (Edwards et al. 1996 , Hamilton et al. 1999 . Alternatively, the occurrence of microsatellites in published sequence databases, especially in EST (expressed sequence tag) databases, has increased for different plant species (Wang et al. 1994 , Scott et al. 2000 , Cordeiro et al. 2001 , Hackauf and Wehling 2002 . Therefore, it may be useful to search for microsatellites in published DNA databases.
Sweetpotato (Ipomoea batatas (L.) Lam), which belongs to the family Convolvulaceae, is the seventh most important food crop in the world after wheat, rice, maize, potato, barley and cassava (Huamán 1999) . It gives a stable crop yield under a wide range of environmental conditions and it is one of the most important food crops for many developing countries. Sweetpotato and its related wild species have been analyzed using RAPDs, RFLPs and ISSRs (Jarret et al. 1992 , He et al. 1995 , Dhillon and Ishiki 1999 , Huang and Sun 2000 , Hu et al. 2003 . At present, only a few useful microsatellite loci have been identified for sweetpotato Bowen 1994, Buteler et al. 1999) . These markers have been used in genetic inheritance analysis (Buteler et al. 1999) , parentage analysis (Buteler et al. 2002) and in the assessment of genetic diversity and fingerprinting (Zhang et al. 2001 , Hwang et al. 2002 . To promote practical genetic analysis and breeding programs in sweetpotato, the number of microsatellite markers should be significantly increased to cover the entire genome. In this study, we 1) isolated a set of microsatellite markers from a small-insert genomic library, a microsatellite-enriched library and EST databases of sweetpotato, 2) compared the efficiencies of these different methods, and 3) tested the level of polymorphism for these markers.
Materials and Methods

Plant materials and DNA extraction
Two groups of sweetpotato cultivars or breeding lines were used to evaluate the polymorphism of the SSR markers developed from genomic libraries and EST databases, respectively. DNA was extracted from young leaves using a modified CTAB method (Hu et al. 2003) . DNA from sweetpotato (cv. Beniazuma) was selected to construct a genomic library with small inserts and a microsatellite-enriched library.
Construction of a small-insert genomic library
DNA was completely double-digested with both EcoRI and SphI, and fractionated on a low-melting-point agarose gel. Fragments of 300-1,000 bp were excised and recovered using a Geneclean kit II (Bio 101). Purified DNA fragments were ligated into pUC19 digested with EcoRI and SphI, and then transformed into competent E. coli DH5α cells.
Construction of a microsatellite-enriched library
Enrichment of DNA fragments with microsatellites was performed essentially according to the methods of Karagyozov et al. (1993) and Edwards et al. (1996) with some modifications.
Ten micrograms of genomic DNA were digested with 20 U of AluI and the fragments (200-700 bp) were recovered on agarose gel as described above. Fifty nanograms of an EcoRI adaptor (consisting of a 21-mer: 5′CTCTTGGCTTG AATTCGGACTA and a phosphorylated 25-mer: 5′-pTAGT CCGAATTCAAGCAAGAGCACA) with 3 µL 10 mM ATP were added to the DNA fragments (1 µg) along with 1 U of T 4 DNA ligase in a total volume of 20 µL. The ligation mixture was incubated overnight at 14°C and the ligated DNA was denatured by boiling for 5 min.
Fragments containing microsatellites were selected by hybridization to nylon membranes bound with a combination of oligonucleotides: (GA) 20 , (CA) 20 and (TAA) 15 . Aliquots of 0.5 µg of each oligonucleotide were spotted on circular pieces of Hybond N + (Amersham Life Science) membrane with a diameter of 5 mm. The membrane pieces were air-dried and baked at 80°C for 2 h. They were then incubated at 37°C for 2 d in a hybridization buffer (50 % formamide, 7 % SDS, 5 × SSC, 50 mM sodium phosphate, pH 7.0) and subsequently for 10 min in 1 % SDS in a boiling water bath to remove unbound oligonucleotides.
Enrichment for microsatellites was carried out using 100 ng of the ligated, denatured DNA in 500 µl of hybridization buffer containing 3 µg of 21-mer oligonucleotides. One piece of Hybond N + membrane with bound oligonucleotides was used to capture the DNA fragments containing microsatellites. After hybridization at 37°C for 24 h, the membrane was washed three times in 2 × SSC, 1 % SDS at 58°C for 30 min. Captured DNA fragments were then eluted in 200 µL of sterile distilled water by boiling for 5 min. One microliter of the eluted DNA was added to a total volume of a 25 µl reaction mixture containing 200 µM of each dNTP, 0.5 µM of 21-mer adaptor primer, 1 × PCR buffer (Nippon Gene) and 1 U GeneTaq (Nippon Gene), and amplified by PCR with 20 cycles (94°C for 45 s, 55°C for 45 s and 72°C for 60 s). Final extension was performed at 72°C for 1 h. Amplified DNA fragments were ligated into pGEM-T Easyvector following the manufacturer's instructions (Promega), and then transformed into competent E. coli DH5α cells.
Colony hybridization
Colonies were lifted and fixed onto nitro-cellulose membranes. All the membranes were separately screened with (GA) 20 , (CA) 20 oligonucleotide probes, and the enrichment library was also screened with a (TAA) 15 probe. The probes were labeled with ECL 3′-oligolabelling and detection systems (Amersham Life Science). Hybridization, stringency of washing, membrane blocking, antibody incubations, signal generation and detection were all performed according to the manufacturer's protocol. Two other rounds of screening were carried out to reduce the number of false positive clones for the small-insert genomic library.
Sequence of positive clones
Plasmid DNA was isolated from positive clones and sequenced with the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction kit using an Applied Biosystems ABI Prism 310 Genetic Analyzer.
Mining of the EST database
EST sequence data of sweetpotato obtained from the GenBank (http://www.ncbi.nlm.nil.gov) database were analyzed with a home-made PC program to identify regions containing simple DNA repeats. The search was conducted for sequences that showed more than seven repetitions for di-, five repetitions for tri-, four repetitions for tetra-, and three repetitions for penta-and hexa-nucleotides. EST sequences that contained SSRs were clustered using BioEdit Sequence Alignment Editor software (http://www.mbio. ncsu.edu/BioEdit/bioedit.html). Sequences that showed the longest perfect repetitions and flanking regions that permit-ted primer design were selected for PCR primer design.
Primer design, PCR amplification and electrophoresis PCR primers, between 18 and 25 bp in length and located in the flanking regions of the repeated sequences, were designed using MacVector (Oxford Molecular Group 1996) . When two distinct microsatellite sequences were present in one DNA sequence at distant sites, primer pairs for each microsatellite were designed, respectively. When two microsatellites were in close proximity in one DNA sequence, the primer pairs were designed outside of these microsatellites.
PCR amplification was performed in a thermal cycler . The reaction mixture contained about 20 ng of template DNA, 0.2 µM of each primer, 200 µM of each dNTP and 1 U GeneTaq (Nippon Gene) with 1 × PCR universal buffer (Nippon Gene) in a total volume of 20 µL. The PCR conditions were 95°C for 5 min, followed by 35 cycles of 30 s at 95°C, 30 s at the annealing temperature of each primer pair and 30 s at 72°C, and a final step at 72°C for 5 min. The amplified PCR products were separated on a 12 % non-denaturing polyacrylamide gel at 200 V for 1-2 h, stained with ethidium bromide and visualized under UV light.
Results
Microsatellites in the small-insert genomic library
The library consisted of about 8,000 clones with an average insert size of about 700 bp, and covered about 5.6 Mb of the genome. The library was screened three times with dinucleotide repeat oligonucleotide probes (GA) 20 and (CA) 20 . After the third screening, 31 clones containing (GA) n and 11 clones containing (CA) n have been identified.
All the positive clones were sequenced and the sequence data were searched for any repeats. Forty-two positive clones contained 46 microsatellite loci. The repeat number for these 46 microsatellites ranged from 7 to 19. The sequence results showed that, aside from (GA) n and (CA) n repeats, other microsatellite repeat motif types, e.g., (AT) n and (CAA) n , were occasionally found in four clones, and could also be distinguished as microsatellites. Based on the classification of microsatellites by Weber (1990) , 22 microsatellites were classified into perfect, while 8 were imperfect and 16 were compound.
Microsatellites in the enriched library
An enriched library consisting of approximately 800 clones was constructed. The insert size ranged from 250 to 700 bp, with an average value of 350 bp, as confirmed by sequence data.
The library was screened with probes (GA) 20 , (CA) 20 and (TAA) 15 , which were used in enrichment. After screening, 122 positive clones were obtained. Eighty-six positive clones were sequenced and six were found to be duplicates. Each of the independent clones contained one or more microsatellites. The sequence data showed that all the repeat motifs used to enrich the library could be detected and 93 microsatellites were identified ( Table 1 ). The frequency of the microsatellites detected in this library is shown in Table  2 . The most common repeat motifs were CA and GA repeats, while TAA repeats accounted for a low proportion. In addition to the predicted motifs, other microsatellite repeat types, e.g. (AT) n and (TGT) n , were occasionally found in some clones. The distribution of the repeat number of the three types of microsatellites (CA, GA and TAA) is shown in Figure 1 . On the average, CA-microsatellites had the most repeats (28), followed by GA (15) and TAA (10). For CA, the maximum number recorded was 150 repeats (imperfect), while the comparable values for GA and TAA were 48 and 26, respectively. More than half of the dinucleotide repeats were compound (43 out of 77), i.e. mixtures of CA and TA series, sometimes mixed with other nucleotides.
Primer pairs from the genomic DNA library
The conversion of sequenced clones containing microsatellite DNA into sequence-tagged site markers involved the design of primers that flanked the microsatellite repeats. Thirty-two (74 % of positive clones) and 47 (60 %) primer pairs were designed for these sequences containing microsatellites from the small-insert library and the enriched library, respectively. Primers were not designed for the remaining clones due to the very small flanking regions or low GC content. Forty-nine primer pairs did not amplify any PCR product or specific-SSR products. Thirteen (41 % of primers designed) and 17 (37 %) reliable primer pairs were developed for the small-insert library and the enriched library, respectively. For a polymorphism test, 20 sweetpotato cultivars were examined, and 27 markers were found to be polymorphic (Table 3 ). The average number of alleles per polymorphic SSR locus was 4.9, ranging from two to nine. No correlation was found between the number of repeat motifs and the level of polymorphism detected. Most of the cultivars showed more than two alleles per locus for most of the markers.
EST-SSRs
Sequence data of 4,153 sweetpotato ESTs from the entire plantlet, storage root and leaf in the NCBI database were subjected to an SSR mining analysis (Table 4) . The downloaded data were investigated for all the 2-6 bp combinations of SSR units, and 379 sequences were found to contain 394 SSRs. The sequences that carried SSRs comprised 9.1 % of the total population in the published sequences. The proportion of microsatellites with 2-6 bp repeat units is shown in Figure 2 . The repeat number of SSR loci ranged from 3 to 53, and most (71.5 %) of the SSR loci showed a repeat number of less than seven. The longest repetition observed was 53 for a GA dinucleotide (accession number BU691846). The most frequent repeat motif observed was AT, which appeared in 76 sequences. Clustering analysis grouped 171 sequences into 32 clusters. We were able to observe polymorphisms in the number of repeats in 7 clusters. Two examples are shown in Figure 3 . The remaining 208 sequences were independent.
EST-SSRs contained a variety of repeat motif sequences, and dinucleotide and trinucleotide repeat motifs accounted for about 68.5 % of the total microsatellites. The most abundant dinucleotide microsatellite was TA, followed by GA. The trinucleotide microsatellites GAA, GGT and GCC showed a high abundance, as has also been found in other plant species (Gupta et al. 1996 , Cordeiro et al. 2001 .
Of the total number of ESTs carrying SSRs, 151 primer pairs were designed and synthesized. The others were not used since the EST sequence was either redundant or the SSR flanking regions were insufficient or had an unsuitable GC content for primer design. After being tested in PCR reactions with cv. Beniazuma genomic DNA, 120 pairs amplified products with a scorable size (less than 300 bp). The remaining 31 primer pairs were not used for further analysis since they either did not show PCR amplification (23 pairs) or had very large products (8 pairs).
Seventy-five EST-derived SSRs showed length polymorphism among the 12 selected sweetpotato genotypes (Table 5 ). The average number of alleles at polymorphic loci was n = 3, ranging from 2 to 6. Polymorphisms could be observed for 15 di-, 35 tri-, 3 tetra-, 8 penta-and 14 hexanucleotide repeats (Fig. 2) . Fifty-three percent of the polymorphic microsatellite markers were derived from root ESTs, 42 % from leaf and 5 % from the entire plantlet. Moreover, 32 EST-derived SSR markers were polymorphic between 'Indonesia 47' and 'Kokei 14', which were the parents of a mapping population.
The efficiency of PCR amplification and the level of polymorphism detected by SSRs varied among the EST regions (CDS, 5′UTR and 3′UTR). The amplification efficiency was 66 %, 84 % and 92 % for SSR loci in 5′UTR, CDS and 3′UTR, respectively, and 65 % of the functional primers in 5′UTR, 56 % in CDS, and 57 % in 3′UTR showed polymorphism among the sweetpotato cultivars or breeding lines used in this study (Fig. 4) . The results of a BLASTx search showed that 71 % of the polymorphic SSR loci could be associated with coding regions of proteins with known or unknown function (Table 6 ).
Discussion
The library constructed in this study contained 5.6 Mb of sweetpotato genomic DNA. Ozias-Akins and Jarret (1994) reported that the 2C content of the sweetpotato nucleus was 4.8-5.3 pg/2C, which corresponds to a haploid genome size of 2.4-2.6 × 10 3 Mb. The genome size is also supported by our extensive study on sweetpotato germplasm (Tahara et al. 2004) . Therefore, this library represents approximately 0.22 % of the sweetpotato genome. For each microsatellite tested, the average distance between two loci was obtained by dividing the length of the sweetpotato DNA screened by the number of clones containing microsatellites. After three rounds of screening of the library with (GA) 20 and (CA) 20 , 31 positive clones containing (GA) n repeats and 11 clones containing (CA) n repeats were identified. Therefore, the frequency of dinucleotide repeats in the genome was estimated to be one (GA) n for every 181 kb and one (CA) n microsatellite for every 509 kb. The sweetpotato genome contains a total of 1.3-1.4 × 10 4 (GA) n and 4.7-5.2 × 10 3 (CA) n repeats, respectively. ISSR-PCR analysis also showed that (CA) n repeats were about three-to four-fold less abundant than (GA) n repeats for sweetpotato (Hu et al. 2003) . Microsatellites consisting of dinucleotide repeat motifs are generally considered to be the most frequent types in plant genomes, and (GA) n repeat motifs are more frequent than (CA) n repeats (Powell et al. 1996) . However, an opposite trend, with a higher abundance of CA than GA, has been reported in some plants, e.g. rye (Saal and Wricke 1999) and sugarcane (Cordeiro et al. 2000) . Several procedures for microsatellite enrichment have been tested to improve the efficiency of microsatellite isolation in plants. The capture techniques include (a) sepharose column with one or more SSRs (Brenig and Brem 1991) , (b) streptavidin-coated magnetic beads (Kijas et al. 1994 , Hamilton et al. 1999 , (c) one or more microsatellite oligonucleotides attached to small nylon membranes (Karagyozov et al. 1993 , Edwards et al. 1996 , and (d) other seldom used procedures, such as SSR-primed second strand synthesis (Ostrander et al. 1992 , Takahashi et al. 1996 or triplex formation (Ito et al. 1992 , Nishikawa et al. 1995 . The enriched library in this study was constructed using a modified membrane-enrichment approach. The frequency of dinucleotide repeats (GA) n and (CA) n in this enriched library was estimated to be one microsatellite for every 2.6 kb. Comparison with the frequency (133 kb) of (CA) n and (GA) n repeats in the small-insert library, showed that the enrichment factor was 51.
Sequence data from both the small-insert library and enriched library gave a similar percentage of reliable primer pairs (41 % and 37 %, respectively), suggesting that the enrichment approach is suitable for sweetpotato. The relatively low yield of 30 specific loci amplified with 79 primer pairs illustrates the inefficiency in obtaining functional SSRs. Experiments under different PCR conditions, e.g., different Mg 2+ concentrations and annealing temperatures, and the design of new primers did not improve the occurrence of specific bands. It has been reported that the percentage of scorable primers obtained from polyploids is relatively low. In allohexaploid wheat, only 36 % and 32 % of the primers designed by Röder et al. (1995) and Bryan et al. (1997) amplified interpretable banding patterns, in contrast to a nearly 100 % success rate in diploid species (Mörchen et al. 1996) . In tetraploid alfalfa and several species from the same genus, it has been found that only one out of three of the microsatellite sequences could amplify the expected size . The low efficiency of PCR amplification in polyploids may be due to the complexity of the polyploid genome and the high percentage of repetitive DNA (Röder et al. 1995) . To increase the efficiency in the development of SSR markers for complex polyploid genomes, the use of libraries constructed with single-and low-copy genomic DNA or the use of cDNA instead of genomic DNA has been recommended (Milbourne et al. 1998 , Röder et al. 1998 .
Although trinucleotide SSRs are considered to be relatively less abundant (Wang et al. 1994 ), the unexpected detection of five trinucleotide SSRs (data not shown) in the genomic libraries (both small-insert and enriched libraries) indicates that trinucleotide SSRs may be abundant in sweetpotato, which is consistent with an ISSR analysis (Hu et al. 2003) . A similar observation was also reported by Dayanadan et al. (1998) in trembling aspen. Due to the stuttering pattern often observed after amplification of dinucleotide SSRs and the clear amplification of trinucleotide SSRs , the trinucleotide motifs, such as GTT, CTT and CCA, might produce additional and effective SSR markers from genomic DNA of sweetpotato in the future. The number of alleles detected per polymorphic locus derived from the genomic library ranged from 2 to 9 with a mean of 4.9 alleles, values comparable to those reported by Buteler et al. (1999) . A small number of DNA samples and DNA samples from a similar geographic origin may result in a low allele number per locus. Zhang et al. (2001) reported six alleles for locus IB316 in 113 accessions, whereas Buteler et al. (1999) found only four alleles for the same locus in 18 accessions. In our study, 24 accessions revealed 7 alleles and 176 accessions revealed 12 alleles for IBSSR 19 (data not shown). In a recent study on microsatellites in cassava (Chavarriaga-Agurirre et al. 1998), a 27 % increase in both the number of alleles observed and the level of polymorphism for a (GA) n microsatellite locus was recorded when the number of accessions screened increased from 38 to over 500.
The microsatellite loci in the sweetpotato EST database were searched. It is more economical to screen for ESTSSRs compared to standard library screening, since they are filtered computationally from the EST database to generate primers. The paucity of published sequence data limits the development of SSRs from databases for many plants. However, EST projects are being undertaken for some important plants, which could enlarge the sequence databases. For instance, more than 415,000 and 314,000 ESTs have been released for wheat and barley, respectively. A large number of microsatellites have been identified in grape (Scott et al. 2000) , rye (Hackauf and Wehling 2002) and sugarcane (Cordeiro et al. 2001) as by-products of EST projects. In our study, SSRs were abundantly found (9.1 % of total sequences) in sweetpotato EST databases based on moderate SSR stringency criteria. The frequency of SSRs in the sweetpotato EST database is higher than that for other species, e.g. 2.5 % in grape and 6.5 % in rye. However, it should be noted that a direct comparison of estimates of SSR frequencies in different reports is difficult due to the use of various repeat unit motif combinations, different minimal motif length criteria and redundant EST sequences in the database.
A diverse range of SSR repeat motif sequences occurred in the published EST sequences, due to biased protocols for SSR enrichment and the probes used for library screening. Short trinucleotide repeat units were most frequent at the EST-SSR loci. It was observed that while the abundance of different repeat motifs in EST-derived SSRs varied between plant species, trinucleotide repeat units, perfect repeat structure, and low repeat numbers were common features of EST-SSRs (Scott et al. 2000 , Cordeiro et al. 2001 . It is well known that the (AT) n repeat is the predominant motif in plants (Powell et al. 1996) and is the most polymorphic microsatellite in the rice species (Akagi et al. 1997) . However, the (AT) n motif is difficult to find by using traditional hybridization methods. Searching in a database can overcome this limitation.
Of the 151 EST-SSRs tested in this study, 120 primer pairs were able to amplify scorable fragments with the genomic DNA of the sweetpotato cv. Beniazuma. This efficiency of amplification is higher than that of SSRs primers derived from a genomic library. Some of the amplified fragments were larger than expected, which suggests the possible presence of introns within the genomic DNA sequence. Moreover, eight primer pairs amplified very large PCR products, which can be explained by the presence of long introns between the sequences homologous to the primers in the genomic DNA. This is also a possible explanation for the absence of PCR products with the other 23 primer pairs. Failures in amplification may be due to the fact that the primer sequences contained mutants and/or indels (insertion or deletion), or a primer design across intron-exon boundaries. Mutations and/or indels have already been found in the flanking regions of microsatellites in sweetpotato (Buteler et al. 1999) . As described by Groben and Wricke (1998) , clustered sequences from a database can be useful for polymorphism identification and they provide additional sequence information for primer design. The sweetpotato ESTs deposited in the GenBank database resulted in the polymorphism observed in cluster analysis (Fig. 3) . One example is the AT cluster, which has a variable number of AT repeats. The primer pairs that were designed showed a high level of polymorphism at this AT repeat locus.
EST-SSRs combine the advantages of microsatellite variability with the information potentially carried by expressed sequences. Once the microsatellites are mapped, they will likely yield information on the location and expression of the genes that carry them. This is an efficient and economical technique for accumulating and mapping cDNA sequences in different tissues and at different developmental stages, and thus for increasing the density of gene markers on linkage maps. In fact, 55 polymorphic EST-SSRs in this study were homologous to known genes when used for searches with BLASTx (Table 6 ). One example is the CB330471 EST, found in the leaf cDNA library, which carries the SSR (GAA) 7 and is similar to a Medicago sativa putative wound-induced protein. Another example is the BU692763 EST, which is homologous to actin-depolymerizing factor 5 (ADF-5) protein. This EST contains a (TC) 8 microsatellite in the 3′-UTR. SSR markers in known gene sequences also provide an opportunity to investigate the correlation between repeat number and the functional aspects of the genes themselves. An economically significant phenotypic variation for grain quality has been reported to be associated with the expansion of a poly (CT) microsatellite in the 5′-UTR of the waxy gene in rice (Ayers et al. 1997) .
Among the 151 primers designed, 120 (80 %) SSR loci could be amplified, and 75 of these were polymorphic and useful for differentiating sweetpotato cultivars. Buteler et al. (1999) found that only nine out of 63 (14.2 %) primer pairs derived from genomic libraries could amplify clearly scorable banding patterns. In our SSRs derived from genomic libraries, out of the 79 primers examined, 30 SSR loci were amplified clearly and 27 primer pairs showed polymorphism among the sweetpotato cultivars tested. The high percentage of EST-SSRs loci may be attributable to the fact that the primer pairs were designed in highly conserved regions of the genome (EST sequences). Our results indicate that the SSR markers derived from the EST database provide a unique and efficient source of microsatellites for sweetpotato.
